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(57) ABSTRACT

To stably and properly monitor an 1inside of a body by using an
casily operable placement technique, a capsule endoscope
101 to be swallowed from an oral cavity 200 to acquire
in-vivo iformation of a subject 201 and to wirelessly output
for a transmission of the in-vivo information to an outside of
a body, a string member 103 that 1s connected to the capsule
endoscope 101 for positioning the capsule endoscope 101 at
a gastric cardia 202, and a fixing portion 104 that 1s a portion
of the string member 103, 1s provided on a position with
which a length from the capsule endoscope 101 corresponds
to a length from the gastric cardia 202 to the nside of an
esophageal region 203 for fixing the string member 103 that
has located the capsule endoscope 101 at the gastric cardia
202 to the inside of the esophageal region 203 by an endo-
scopic fixture are included. As a result, the capsule endoscope
101 1s placed at a position of the gastric cardia 202 where an
entire mside of the stomach 1s easily imspected, and the cap-
sule endoscope 101 1tself can easily be placed inside the

esophageal region by using the fixing portion 104.

14 Claims, 10 Drawing Sheets
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IN-VIVO INFORMATION ACQUIRING
APPARATUS, IN-VIVO INFORMATION
ACQUIRING SYSTEM, AND IN-VIVO
INFORMATION ACQUIRING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

The present application 1s a 35 U.S.C. §§371 national
phase conversion of PCT/JP2006/313703, filed 10 Jul. 2006,
which claims priority of Japanese Patent Application No.
20035-200885 filed 8 Jul. 2005, which 1s herein incorporated

by reference.

TECHNICAL FIELD

The present mvention relates to an in-vivo information
acquiring apparatus, an in-vivo information acquiring sys-
tem, and an in-vivo information acquiring method that are
suitable for, for example, monitoring an existence of a bleed-
ing site mnside a stomach.

BACKGROUND ART

Recently, an endoscopic surgical procedure such as an
endoscopic mucosal resection (EMR ) and an endoscopic sub-
mucosal dissection (ESD) for an inside of a stomach has
become available with the improvement of an endoscopic
technology. After the endoscopic surgical procedure of the
inside of the stomach, bleeding in a surgical site 1s stopped;
however, because there 1s a possibility that the surgical site
bleeds again at night, 1t 1s required to monitor an existence of
the bleeding. Conventionally, as a method of monitoring the
existence of the bleeding inside the stomach, a tube with a
continuous length from the mside of the stomach to the out-
side of a body of a patient 1s mserted from a nose or a mouth
and placed inside the stomach to momtor whether blood
comes out of the body through the tube.

As a technology for detecting a status of the inside of a
body cavity, for example, a technology for placing an 1nd-
welling capsule at around a pyloric by attaching a string to the
pH-sensor indwelling capsule and fixing the end portion of
the string to a region around teeth or a mouth 1s disclosed
according to Patent Document 1. Patent Document 2 dis-
closes a technology for sensing a physiological parameter of
the 1nside of an esophageal region by placing a sensor capsule
to a sensing target region nside the esophageal region of an
examinee. Patent Document 3 discloses a technology for
fixing a medical capsule to the mside of the body cavity by
attaching a clip to the medical capsule and by clipping body
tissue side the body cavity by the clip.

Patent Document 1: Japanese Patent Application Laid-Open
No. H6-63051

Patent Document 2: U.S. Pat. No. 6,285,977 Specification
Patent Document 3: Japanese Patent Application Laid-Open
No. H5-23322

DISCLOSURE OF INVENTION

Problem to be Solved by the Invention

However, with the conventional method of monitoring the
existence of the bleeding, because the tube 1s being inserted
from the stomach to the nose or the mouth, there increases
patient discomfort and there 1s a defect that the bleeding
cannot be detected unless severe bleeding occurs.
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The technologies disclosed 1n Patent Documents 1 to 3 are
not desired for monitoring the existence of the bleeding inside

the stomach, and therefore, not suitable for checking the
existence of the bleeding inside the stomach without diifi-
culty. For example, with the technology 1n Patent Document
1, a monitored region inside the stomach 1s limited to a
surrounding region of the pyloric region, the sensor capsule 1s
not fixed but can be moved 1n accordance with a movement of
the oral cavity portion, and therefore, a monitoring condition
becomes unstable. According to Patent Document 2, an
observation region 1s limited to the inside of the esophageal
region, and the existence of the bleeding 1nside the stomach
cannot be monmitored. According to Patent Document 3, there
are problems that 1t 1s difficult to set a placement position of
the medical capsule and 11 the medical capsule 1s to be fixed at
a region where the mside of the stomach can easily be moni-
tored, a scope for performing the clipping needs to be turned
back for an operation, which 1s difficult. If the technology in
Patent Document 2 1s applied, the condition 1s the same as that
in Patent Document 3.

The present mnvention 1s made 1n view of the above prob-
lems and an object of the present invention 1s to provide an
in-vivo information acquiring apparatus, an in-vivo informa-
tion acquiring system, and an 1n-vivo information acquiring
method that enable to stably and properly monitor the inside
of a body by using an easily operable placement technique.

Means for Solving Problem

An 1n-vivo information acquiring apparatus according to
the present invention includes an in-vivo information acquir-
ing apparatus main-body that 1s swallowed from an oral cav-
ity ol a subject to acquire 1n-vivo information of the subject
and to wirelessly output the in-vivo information for a trans-
mission to an outside ol a body; a string member that 1s
connected to the 1n-vivo information acquiring apparatus
main-body to locate the swallowed in-vivo information
acquiring apparatus main-body at a gastric cardia of the sub-
ject; and a fixing portion that 1s provided on a portion of the
sting member to fix the string member to an esophageal
region by an endoscopic fixture, the string member having
located the 1n-vivo mnformation acquiring apparatus main-
body at the gastric cardia.

Further, an 1n-vivo information acquiring apparatus
according to the present invention icludes an in-vivo mnfor-
mation acquiring apparatus main-body that acquires m-vivo
information; and a string member extended from the in-vivo
information acquiring apparatus main-body, wherein the
string member includes an extracorporeal gripper that 1s pro-
vided to be located on an extracorporeal side from an oral
cavity of a subject, in such an intragastric insertion state
where the m-vivo information acquiring apparatus main-
body 1s orally inserted into the subject and located 1nside a
stomach, a marked portion that i1s located inside an esoph-
ageal region and indicates a fixing position of the sting mem-
ber 1n the 1intragastric insertion state, a fixing portion that fixes
the string member to an 1inner wall of the esophageal region,
and a cutting portion that 1s provided at a position on the string
member between the fixing portion or the marked portion and
the extracorporeal gripper, and enables to cut the string mem-
ber at the position.

Moreover, an 1n-vivo information acquiring apparatus
according to the present invention includes an in-vivo mfor-
mation acquiring apparatus main-body that is swallowable by
a subject; and a string member that includes a string member
main-body extended from the 1n-vivo information acquiring
apparatus main-body, an extracorporeal gripper that 1s pro-
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vided on an extended end portion of the string member main-
body, a fixing portion that 1s provided on a side of an extended
rear anchor from the extracorporeal gripper on the string
member main-body to enable to fix the string member main-
body, amarked portion that enables to visually distinguish the
fixing portion from the string member main-body, and a cut-
ting portion that 1s provided at a position on the side of an
extended end portion from the fixing portion on the string
member main-body and enables to cut the string member
main-body at the position.

In the m-vivo information acquiring apparatus according to
the mvention as set forth above, the fixing portion may be
located at a position where a length from the connected 1n-
vivo 1nformation acquiring main-body corresponds to a
length from the gastric cardia to the inside of the esophageal
region of the subject.

In the mn-vivo information acquiring apparatus according to
the present invention as set forth above, the 1n-vivo informa-
tion acquiring apparatus main-body may detect at least an
existence of a bleeding 1nside the stomach of the subject as
in-vivo information to be acquired.

In the m-vivo information acquiring apparatus according to
the present invention as set forth above, the 1n-vivo informa-
tion acquiring apparatus main-body may be a capsule endo-
scope.

In the 1n-vivo information acquiring apparatus according to
the present invention as set forth above, the in-vivo informa-
tion acquiring apparatus main-body may be a hemoglobin
sensor that detects the existence of the bleeding inside the
stomach based on an adhesion of blood.

In the mn-vivo information acquiring apparatus according to
the present invention as set forth above, the 1n-vivo informa-
tion acquiring apparatus main-body may be a red detection
SENnsor.

In the m-vivo information acquiring apparatus according to
the present invention as set forth above, the 1n-vivo informa-
tion acquiring apparatus main-body may be configured to be
thicker than a thickness of the string member.

In the m-vivo information acquiring apparatus according to
the present invention as set forth above, the string member
may be connected to an end portion of the 1n-vivo information
acquiring apparatus main-body, and the in-vivo imnformation
acquiring apparatus main-body may have a reduced diameter
shape with which a diameter of the in-vivo information
acquiring apparatus main-body becomes smaller toward an
end portion thereof to which the string member 1s connected.

The 1n-vivo mformation acquiring apparatus according to
the present invention may further include a retaining member
that engages and retains the in-vivo information acquiring,
apparatus main-body, wherein the string member may con-
nected to the mn-vivo information acquiring apparatus main-
body via the retaining member.

In the m-vivo information acquiring apparatus according to
the present invention as set forth above, the string member
may be made of a material to be digested by gastric tluid.

In the 1n-vivo information acquiring apparatus according to
the present invention as set forth above, the fixing portion may
be located at a position to be fixed to the esophageal region at
an upper portion from a lower esophageal sphincter.

In the mn-vivo information acquiring apparatus according to
the present invention as set forth above, the fixing portion may
be located at a position to be fixed to the esophageal region
between a lower esophageal sphincter and an upper esoph-
ageal sphincter.

In the m-vivo information acquiring apparatus according to
the present invention as set forth above, the fixing portion may
be 1n a latch shape for latching the endoscopic fixture.

10

15

20

25

30

35

40

45

50

55

60

65

4

In the 1n-vivo information acquiring apparatus according to
the present invention as set forth above, the fixing portion may
be provided at a plurality of portions of the string member.

In the 1n-vivo information acquiring apparatus according to
the present invention as set forth above, the mn-vivo iforma-
tion acquiring apparatus main-body may include a reel por-
tion that reels out and reels off the string member.

An 1n-vivo iformation acquiring system according to the
present invention includes an in-vivo information acquiring
apparatus; a receiving device that receives n-vivo mforma-
tion wirelessly output and transmitted from an in-vivo infor-
mation acquiring apparatus main-body; and a display device
that displays the in-vivo information received by the recerv-
ing device.

An 1n-vivo information acquiring method according to the
present invention includes swallowing an in-vivo information
acquiring apparatus main-body to make a state where the
in-vivo information acquiring apparatus main-body travels
through an esophageal region and a gastric cardia and 1s hung
down 1nside a stomach, the mn-vivo mformation acquiring
apparatus main-body being connected to a string member to
acquire 1n-vivo information of a subject and to output the
in-vivo information for a transmission to an outside; locating
the in-vivo information acquiring apparatus main-body at the
gastric cardia by pulling and loosening the string member to
shift the mn-vivo information acquiring apparatus main-body
up and down, the in-vivo mformation acquiring apparatus
main-body being hung down inside the stomach; fixing the
string member to the esophageal region by an endoscopic
fixture; transmitting 1n-vivo information acquired from the
in-vivo information acquiring apparatus main-body to an out-
side of a body wirelessly; and cutting a lower stomach side of
the string member fixed at the fixing.

The 1n-vivo information acquiring method according to the
present invention may further include cutting an upper oral-
cavity side of the string member fixed at the fixing to remove
the cut upper oral-cavity side of the string member to an
outside of a body.

The in-vivo information acquiring method according to the
present invention may further include retrieving the m-vivo
information acquiring apparatus main-body that 1s cut at the
cutting and placed inside the stomach, to an outside of a body
by a scooping.

The 1n-vivo information acquiring apparatus according to
the present invention further includes the step of: retrieving
the 1n-vivo information acquiring apparatus main-body that 1s
cut at the cutting step and placed inside the stomach, to an
outside of a body by a scooping.

Efifect of the Invention

According to the 1n-vivo information acquiring apparatus,
the 1mn-vivo information acquiring system, and the m-vivo
information acquiring method of the present invention, it
becomes possible to stably and properly monitor the inside of
a body by fixing a placement condition of an in-vivo infor-
mation acquiring apparatus main-body that is to be mserted
from an oral cavity for acquiring in-vivo information of a
subject.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic view for describing an example of
applying an in-vivo information acquiring apparatus to an
intragastric bleeding-existence detector and an initial state of
an 1nsertion thereof into a body cavity;
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FIG. 2 1s a schematic view for describing a condition of a
pulling/looseming operation and a clip fixing of a string mem-
ber;

FIG. 3 1s a schematic view for describing a condition of a
cutting by a scissor forceps;

FIG. 4 1s a schematic view for describing a final insertion
condition of the string member and a capsule endoscope;

FIG. 5 1s a schematic view for describing a condition of the
cutting by the scissor forceps after a monitoring 1s finished;

FIG. 6 1s a schematic view for describing a condition of a
retrieving by a retrieving net;

FIG. 7 1s a sectional view for describing an internal con-
figuration of the capsule endoscope;

FIG. 8 1s a schematic view for describing an example of a
general configuration of a wireless intragastric bleeding-ex-
istence detecting system;

FIG. 9 1s a schematic view for describing a condition of
providing a plurality of fixing portions;

FIG. 10 1s a sectional view for describing an internal con-
figuration of a capsule endoscope 1n a type with a retaining
member;

FIG. 11 1s a schematic sectional view for describing an
example of using a hemoglobin sensor as a sensor;

FIG. 12 1s a schematic sectional view for describing an
example of using a red detection sensor as the sensor; and

FI1G. 13 1s a schematic view for describing a condition of an
adjustment when a plurality of the string members 1s used.

EXPLANATIONS OF LETTERS OR NUMERALS

100 Intragastric bleeding-existence detector
101 Capsule endoscope

102 End portion

103 String member

103a String-member main body
1035 Extracorporeal gripper
103¢ Marked portion

1034 Cutting portion

104 Fixing portion

111 Reel portion

200 Oral cavity

201 Subject

202 Gastric cardia

203 Esophageal region

204 Stomach

205 Lower esophageal sphincter
206 Upper esophageal sphincter
301 Recerving device

302 Display device

501 Retaining member

502 Capsule endoscope

601 Hemoglobin sensor

611 Red detection sensor

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

Exemplary embodiments of an in-vivo information acquir-
ing apparatus, an 1-vivo information acquiring system, and
an 1-vivo information acquiring method of the present inven-
tion will be described below with reference to the accompa-
nying drawings. The present mvention 1s not limited to the
below embodiments. In a description of the drawings, same
reference numerals are assigned to same components.

An embodiment of the present invention 1s described. FIG.
1 1s a schematic view for describing an example of applying
the 1n-vivo information acquiring apparatus to an intragastric
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6

bleeding-existence detector and an 1nitial state of an insertion
thereol 1to a body cavity. An intragastric bleeding-existence
detector 100 includes

a capsule endoscope 101, as an 1n-vivo information acquiring
apparatus main-body, to be swallowed from an oral cavity
200 and 1nserted into a body cavity of a subject 201 to capture
a body cavity image as body cavity information, and to wire-
lessly output data transmission of the captured body cavity
image for a transmission, a string member 103 that 1s con-
nected to an end portion 102 of the capsule endoscope 101
and locates the capsule endoscope 101 swallowed 1nside the
body cavity at a gastric cardia 202 of the subject 201, and a
fixing portion 104 that 1s provided on a portion of the string
member 103 for fixing the string member 103 that has located
the capsule endoscope 202 at the gastric cardiac 202 to body
tissue (esophageal mnner wall) 1nside an esophageal region
203 by an endoscopic fixture such as a clip described later.

The string member 103 connected to the end portion 102 of
the capsule endoscope 101 includes a string-member main
body 103q having an adequate length for extracting thereof
from a stomach 204 to an outside via the oral cavity 200. In
other words, the string member 103 includes an extracorpo-
real gripper 1035 at an extended end portion of the string-
member main body 103a on an extracorporeal side from the
oral cavity 200, in such an intragastric insertion state that the
capsule endoscope 101 1s orally mserted by the subject 20
and located 1nside the stomach. It 1s preferable to make the
string member 103 as thin as possible as long as 1t can easily
be cut by a scissor forceps and the like described later and 1s
strong.

The fixing portion 104 1s formed 1n a pinhole shape as a
simple latch shape to latch the clip described later in the
middle of the string-member main body 103a, and also used
as a marked portion 103¢ that 1s located 1nside the esophageal
region 203 for enabling to visually distinguish the fixing
portion 104 from the string-member main body 1034, 1n the
intragastric nsertion state i which the capsule endoscope
101 1s located 1nside the stomach. The fixing portion 104 1s
provided on a position on which a length from the capsule
endoscope 101 to which the string member 103 1s connected
corresponds to a length from the gastric cardiac 202 to the
esophageal region 203 of the subject 201. More specifically,
the fixing portion 104 1s provided on the position to be fixed
to the body tissue inside the esophageal region 203 by the clip,
between a lower esophageal sphincter 205 and an upper
esophageal sphincter 206.

The capsule endoscope 101 1s configured to be thicker than
the thickness of the string-member main body 103a and swal-
lowable from the oral cavity 200, and 1s formed 1n a tapered
reduced diameter shape with which a diameter becomes
smaller toward the end portion 102 on the side of the end
portion 102 to be connected to the string member 103. The
reduced diameter shape 1s not limited to the tapered shape and
a semispherical-dome shape similar to a front end portion can
be acceptable.

The capsule endoscope 101 1s described with reference to
FIG. 7. FIG. 7 1s a sectional view for describing an internal
configuration of the capsule endoscope 101. The capsule
endoscope 101 1s configured to accommodate a capsule case
124, a plurality of illuminating units 121 such as a light
emitting diode (LED) for illuminating a region inside the
body cavity of the subject 201, an 1imaging element 122 such
as a charge coupled device (CCD) or a complementary metal-
oxide-semiconductor (CMOS) that captures the body cavity
image, and a button type battery 123 that supplies electric
power to the 1lluminating unit 121 and the imaging element
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122. The battery 123 can be a silver oxide battery, a recharge-
able battery, a generator battery and the like.

The capsule case 124 includes a transparent semispherical-
dome shaped front-end cover case 124qa that covers the 1llu-
minating unit 121 and a cylindrical-shaped body case 1245
that 1s watertightly provided with the front-end cover case
124a and accommodates the battery 123, and 1s formed 1n a
s1ze swallowable from the oral cavity 200 of the subject 201.
The body case 1245 1s made of a color material that 1s opti-
cally impermeable.

The imaging element 122 1s implemented on an imaging,
board 125 and an optical system 126 such as an imaging lens
1s provided on a front surface of the imaging element 122. The
imaging board 125 implements a controller 127 that pro-
cesses or controls each of units, on a rear surface thereof.

The capsule endoscope 101 further accommodates a reed
switch 128 that changes an ON/OFF state by an external
magnetic filed, for controlling a drive of the capsule endo-
scope 101. The configuration 1s such that, the capsule endo-
scope 101 1s installed 1n a package including a permanent
magnet that supplies the external magnetic field in a storage
condition, and the OFF sate 1s kept under a circumstance 1n
which a magnetic field with a specific strength or above 1s
provided, while 1t 1s to be the ON state when the strength of
the external magnetic field decreases. Accordingly, when
installed 1n the package, the capsule endoscope 101 1s not to
be activated.

The capsule endoscope 101 includes a transmitting device
130 with an antenna 129 attached on the rear side, which
wirelessly outputs 1image information captured by the imag-
ing element of the battery 123 to an outside. According to the
present embodiment, an 1mage inside the stomach 204 1s
optically captured as a color image by the 1imaging element
122 for serving to detect an existence of a bleeding site inside
the stomach 204.

The intragastric bleeding-existence detector 100 including
the above described capsule endoscope 101 structures an
intragastric bleeding-existence detecting system as a medical
system when combined with a recerving device and the like.
FIG. 8 1s a schematic view for describing an example of a
general configuration of a wireless intragastric bleeding-ex-
istence detecting system. As shown in FIG. 8, the wireless
intragastric bleeding-existence detecting system includes the
capsule endoscope 101 that 1s to be inserted mside the subject
201 to capture the color image of the inside of the stomach
204 at a position of the gastric cardia 202 and to perform a
data transmission of a picture signal by radio to a receiving
device 301, the portable recerving device 301 that receives
color 1image data wirelessly transmitted from the capsule
endoscope 101, and a display device 302 such as a portable
viewer that displays the color image based on the picture
signal recerved by the receiving device 301. The receiving
device 301 includes a recerving antenna 303 attached on the
extracorporeal surface of the subject 201 around, {for
example, the gastric cardia 202.

A medical operation procedure including a placement of
the capsule endoscope 101 1nside the body cavity 1s sequen-
tially described with reference to FIG. 1 to FIG. 6. The cap-
sule endoscope 101 1s swallowed and placed inside the body
cavity for monitoring the existence of the bleeding site inside
the stomach 204, after an endoscopic surgical procedure for
the mside of the stomach 204 of the target subject 201 1s
finished. In FIG. 1 and other drawings, reference numeral
204a describes a surgical site of the endoscopic surgical pro-
cedure. The receiving antenna 303 1s attached to the extracor-
poreal surface of the subject 201 at a proper timing before or
after the capsule endoscope 101 1s swallowed.
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Firstly, as shown 1n FIG. 1, the capsule endoscope 101 to
which the string member 103 1s connected 1s swallowed from
the oral cavity 200 and inserted until the capsule endoscope
101 1s hung down 1nside the stomach 204 via the esophageal
region 203 and the gastric cardia 202. At this state, the extra-
corporeal gripper 1036 on the front end side of the string
member 103 1s positioned at the extracorporeal side from the
oral cavity 200 for enabling a pulling/loosening operation
outside the oral cavity 200.

Next, as shown in FIG. 2, by shifting the capsule endoscope
101 swallowed 1nside the stomach 204 up and down 11 nec-
essary through the pulling/loosening operation of the extra-
corporeal gripper 1035 of the string member 103 as an
extraoral operation, the capsule endoscope 101 1s located at
the position of the gastric cardia 202. At this state, the end
portion 102 on the side of the string member 103 of the
capsule endoscope 101 1s 1n tapered diameter-reduced por-
tion and fits to a shape of a cardia that joins the stomach 204
and the esophageal region 203. Therelore, it 15 easy to posi-
tion the capsule endoscope 101 to the gastric cardia 202 in
such a state that the front-end cover case 124a becomes
downward by pulling the string member 103, and the capsule
endoscope 101 can easily be 1n a stable position. The gastric
cardia 202 1s a site from which the entire 1nside of the stomach
204 1s easily inspected, and by locating the capsule endoscope
101 downwardly at the gastric cardia 202, it becomes possible
to properly monitor the existence of the bleeding site mnside
the stomach 204 including the surgical site 204q. Further,
because the capsule endoscope 101 1s thicker than the string
member 103, unless excessive pulling force 1s exerted, the
capsule endoscope 101 1s not extracted to the side of the
esophageal region.

It 1s acceptable to perform an up/down movement of the
capsule endoscope 101 not by the pulling/loosening opera-
tion of the extracorporeal gripper 1035 but by using a reel
portion 111 provided 1n the capsule endoscope 101. The reel
portion 111 1s for reeling out and reeling up the extracorporeal
gripper 1035 and enables to shift the capsule endoscope 101
up and down without shifting the string member 103. More
specifically, the reel portion 111 includes a not shown rotary
member that reels out and reels up the string member 103 and
a not shown magnet that rotates the rotary member by an
external rotary magnetic field generated outside the subject
201, and reels out and reels up the string member 103 1n
conjunction with the rotation of the magnet. Alternately, the
reel portion 111 can be connected to the rotary member,
include a not shown driving unit that rotates the rotary mem-
ber, and perform a drive control of the driving unit by receiv-
ing an external control signal including the magnetic field. In
both cases, because the capsule endoscope 101 by 1tself reels
out and reels up the string member 103 and the string member
103 does not shift, 1t becomes possible to locate the capsule
endoscope 101 at the gastric cardia 202 without injuring a
pharyngeal portion.

Belore or after performing an operation of locating the
capsule endoscope 101 to the gastric cardia 202, an endo-
scope 402 that loads a clip 401 as the endoscopic fixture on a
forceps channel 1s inserted inside the esophageal region 203
of the subject 201. Thereatter, with the capsule endoscope
101 located at the gastric cardia 202, the extraoral operation
tfor the forceps channel of the endoscope 402 1s performed for
performing a clipping operation to find the pinhole shaped
marked portion 103¢ and the fixing portion 104 for latching
the clip 401 to {ix the fixing portion 104 to the body tissue
inside the esophageal region 203. Prior to the clipping, 1t 1s
acceptable to check whether the capsule endoscope 101 1s
located at the gastric cardia 202 1n a desired posture, by
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monitoring a captured 1mage of the capsule endoscope 101
through the receiving device 301 and the display device 302.

With the capsule endoscope 101 located at the gastric car-
dia 202 through the extraoral operation, the string member
103 1s 1n a strained state and the like, and by fixing the fixing
portion 104 as a portion of the string member 103 to the inside
of the esophageal region 203 by the clip 401, the capsule
endoscope 101 1s stably placed at the gastric cardia 202. In
other words, when the capsule endoscope 101 1s to be placed
at the gastric cardia 202 from which the entire inside of the
stomach 204 can be inspected, 11 it 1s directly fixed to the body
tissue inside the stomach 104 by the endoscopic fixture, there
1s such a difficulty i an operation that the scope needs to be
turned back. However, according to the present embodiment,
although the capsule endoscope 101 1tself 1s to be placed at
the gastric cardia 202, the fixing 1s to be performed by using
the fixing portion 104 of the string member 103 1nside the
esophageal region 203, which 1s easy. Further, since the fixing
portion 104 1s located to be fixed inside the esophageal region
203 other than such a movable site as the lower esophageal
sphincter 205 and the upper esophageal sphincter 206, the
posture of the capsule endoscope 101 after the fixing 15 less
moved. Moreover, the endoscope 402 1tself 1s basically
required to be 1nserted 1nto the esophageal region 203, inclu-
stve ol an operation described later, 1t 1s possible to reduce a
burden of the subject 201 as much as possible.

Next, as shown 1n FIG. 3, a scissor forceps 403 1s inserted
into the forceps channel of the endoscope 402 to cut the string
member 103 at the upper portion of the fixing portion 104
fixed by the clip 401. In other words, the string member 103
according to the present embodiment includes a cutting por-
tion 1034 that 1s a portion on the side of the extracorporeal
gripper 1035 from the fixing portion 104 (the marked portion
103c¢) on the string-member main body 103a and that enables
to cut the string-member main body 103a 1n the portion. The
upper side of the string member 103 cut by the cutting portion
1034 1s removed to the outside of the body. Thereafter, as
shown 1n FIG. 4, the endoscope 402 15 also removed to the
outside of the oral cavity. Accordingly, the intragastric bleed-
ing-existence detector 100 becomes 1n a final condition with
which the monitoring becomes enable by the capsule endo-
scope 101 placed at the gastric cardia 202 and the string
member 103 fixed inside the esophageal region 203 by the
fixing portion 104. Therefore, during a monitoring period
alter a surgery, the swallowable capsule endoscope 101 and
the string member 103 are exclusively mnserted in the body
cavity of the subject 201, and there 1s less pain for the subject
201. If there 1s no harm in leaving the string member 103
inside the esophageal region 203 and the oral cavity 200, the
operation of cutting the string member 103 can be omutted.

At this state, by enabling the intragastric bleeding-exist-
ence detecting system shown in FIG. 8, the existence of the
bleeding site inside the stomach 204 after the surgery can be
properly monitored. In other words, by capturing an 1image of
the 1nside of the stomach 204 from the position of the gastric
cardia 202 by the imaging element 122 at a proper cycle, by
wirelessly outputting the captured color image for a transmis-
s10n to the recerving antenna 303 via the controller 127, the
transmitting device 130, and the transmitting antenna 129,
and by outputting the color 1image recerved by the receiving
antenna 303 for a display on the display device 302 by the
receiving device 301, the existence of the bleeding site inside
the stomach 204 after the surgery can be properly monitored.

If the monitoring of the existence of the bleeding site inside
the stomach 204 after the surgery 1s finished, as shown 1n FIG.
5, the endoscope 402 1s again inserted 1nto the esophageal
region 203 of the subject 201 to cut the string member 103 at
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a position below the fixing portion 104 by operating the
scissor forceps 403 of the forceps channel, and the cut string
member 103 1s poured 1nto the stomach 204 together with the
capsule endoscope 101.

Further, the forceps channel of the endoscope 402 1s
replaced with a retrieving net 404 and, as shown 1n FI1G. 6, the
retrieving net 404 1s inserted into the stomach 204 to scoop
the capsule endoscope 101 and the string member 103 1nside
the stomach 204 and removed together with the endoscope
402 to the outside of the body, which ends a series of the
operations. The fixing portion 104 fixed by the clip 401 1s put
into the stomach 204 by being dropped down along with a
necrosis of the body tissue of the portion of the clip 401, and
excreted to the outside of the body. If the string member 103
1s made of a material to be digested by strongly acidic gastric
fluad, the cut string member 103 1s digested inside the stom-
ach 204, and the remained capsule endoscope 101 1s to be
excreted to the outside of the body through a small intestine
and a large intestine, the retrieving operation by the retrieving
net 404 can be omitted.

As shown 1 FIG. 9, 1t 1s acceptable to provide fixing
portions 104a, 1045, 104c, . . . at a plurality of portions of the
string member 103. Accordingly, when the fixing portion 1s
fixed 1nside the esophageal region 203 by the clip 401, a
portion at which the clipping 1s easily performed can be
selected from among a plurality of the fixing portions 1044,
1045, 104c, . . ., which makes an operation effective.

According to the present embodiment, the capsule endo-
scope 101 to which the string member 103 1s directly con-
nected 1s used. However, as shown 1n FIG. 10, such a capsule
endoscope 502 can be used that 1s engaged and retained
through a press fitting by a retaining member 501 to which the
string member 103 1s connected. In this case, the all-purpose
capsule endoscope 502 that 1s mass produced as a capsule
endoscope for a purpose of observing the small intestine and
the like can be used and general versatility can be improved.

Further, according to the present embodiment, the example
in which the capsule endoscope 101 is used as the mn-vivo
information acquiring apparatus that monitors the mside of
the stomach 1s described. However, a hemoglobin sensor 601
as shown 1n FI1G. 11 or a red detection sensor 611 as shown 1n
FIG. 12 can be used 1nstead of the capsule endoscope 101.
The hemoglobin sensor 601 detects the existence of the bleed-
ing site by wirelessly performing a transmission output to the
outside of a body through a wireless device 602, when blood
in a specific amount or above 1s adhered to an outer surface.
The red detection sensor 611 detects the existence of the
bleeding site by wirelessly performing the transmission out-
put to the outside of the body through a wireless device 612,
when responding to red such as blood.

Moreover, according to the present embodiment, the one
string member 103 1s provided for the capsule endoscope as a
configuration example. However, 1t 1s acceptable to connect a
plurality of the string members at different connection points
to make an angle adjustable. FIG. 13 describes an example in
which such a binocular type capsule endoscope 701 1s used
that includes two 1imaging elements that can observe both a
front direction and a rear direction, and two string members
702a and 7025, for example, are connected at the different
connection points for the capsule endoscope 701. Accord-
ingly, 1t 1s acceptable to make such a condition that the sur-
gical site can be clearly viewed by determining a placement
position of the capsule endoscope 701 by, for example, the
one string member 702a, and thereafter, adjusting the angle of
the capsule endoscope 701 by pulling or loosening the other
string member 702b. The above can also be applicable to a
monocular type shown 1n FIG. 7 and FIG. 10.




US 8,491,464 B2

11

The present invention 1s not limited to the above described
embodiments, and various modifications can be acceptable
without departing a scope and a spirit of the present invention.

INDUSTRIAL APPLICABILITY

As described above, the mn-vivo information acquiring
apparatus, the in-vivo information acquiring system, and the
in-vivo information acquiring method according to the
present 1nvention are suitable for properly performing a
monitoring of the inside of a body by using an easily operable
placement technique, and more specifically suitable fora type
using a capsule endoscope.

The mvention claimed 1s:

1. An 1n-vivo mformation acquiring apparatus
comprising;

an 1n-vivo information acquiring apparatus main-body
configured to be swallowed from an oral cavity of a
subject and 1nserted 1nto a body cavity of the subject to
acquire 1-vivo miformation of the subject and to wire-
lessly output the 1n-vivo mnformation for a transmission
to an outside of the body cavity, the in-vivo information
acquiring apparatus main-body including an end portion
having a tapered diameter-reduced portion configured to
{it to a shape of a cardia joining a stomach and an esoph-
ageal region so as to monitor an existence of a bleeding
inside the stomach of the subject based on the acquired
1n-vivo information;

a string member connected to the end portion of the mn-vivo
information acquiring apparatus main-body to locate the
swallowed 1n-vivo information acquiring apparatus
main-body inside the body cavity at a gastric cardia of
the subject, the string member 1including a string mem-
ber main body having an adequate length for extracting
thereof from the stomach of the subject to an outside via
the oral cavity, and an extracorporeal gripper at an
extended end portion of the string member main body on
an extracorporeal side from the oral cavity; and

a fixing portion provided on a portion of the string member
main body and configured to be fixed to an 1nside of the
esophageal region other than at a lower esophageal
sphincter and an upper esophageal sphincter by an endo-
scopic fixture when the string member main body 1s cut
at a position on the string member between the fixing
portion and the extracorporeal gripper, the string mem-
ber having located the in-vivo information acquiring
apparatus main-body at the gastric cardia, and the fixing
portion being formed in a pinhole shape for latching the
endoscopic fixture and having a marked portion located
inside the esophageal region for enabling visual distin-
guishing of the fixing portion from the string member
main body,

wherein the fixing portion 1s located at a position where a
length from the connected 1n-vivo information acquiring
apparatus main-body corresponds to a length from the
gastric cardia to the mside of the esophageal region of
the subject.

2. The m-vivo mformation acquiring apparatus according
to claim 1, wherein the in-vivo information acquiring appa-
ratus main-body includes a capsule endoscope.

3. The mn-vivo mformation acquiring apparatus according,
to claim 1, wherein the in-vivo information acquiring appa-
ratus main-body mcludes a hemoglobin sensor configured to
detect the existence of the bleeding inside the stomach based
on an adhesion of blood.
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4. The 1in-vivo information acquiring apparatus according,
to claim 1, wherein the in-vivo information acquiring appa-
ratus main-body 1s a red detection sensor.
5. The 1n-vivo information acquiring apparatus according,
to claim 1, wherein the in-vivo information acquiring appa-
ratus main-body 1s configured to be thicker than a thickness of
the string member.
6. The 1mn-vivo information acquiring apparatus according
to claim 1, further comprising:
a retaining member that engages and retains the mm-vivo
information acquiring apparatus main-body, wherein

the string member 1s connected to the 1mn-vivo mformation
acquiring apparatus main-body via the retaiming mem-
ber.

7. The 1n-vivo information acquiring apparatus according,
to claim 1, wherein the string member 1s made of a material to
be digested by gastric fluid.

8. The m-vivo information acquiring apparatus according,
to claim 1, wherein the fixing portion 1s located at a position
to be fixed to the esophageal region between a lower esoph-
ageal sphincter and an upper esophageal sphincter.

9. The m-vivo information acquiring apparatus according,
to claim 1, wherein the fixing portion is provided at a plurality
of portions of the string member.

10. The 1n-vivo information acquiring apparatus according
to claim 1, wherein the in-vivo information acquiring appa-
ratus main-body includes a reel portion that reels out and reels
off the string member.

11. An m-vivo information acquiring system comprising;:
an 1n-vivo mformation acquiring apparatus that includes an
in-vivo information acquiring apparatus main-body config-
ured to be swallowed from an oral cavity of a subject and
iserted into a body cavity of the subject to acquire m-vivo
information of the subject and to wirelessly output the in-vivo
information for transmission to an outside of the body cavity,
the 1n-vivo information acquiring apparatus main-body
including an end portion having a tapered diameter-reduced
portion configured to fit to a shape of a cardia joining a
stomach and an esophageal region so as to monitor an exist-
ence of a bleeding inside the stomach of the subject based on
the acquired in-vivo information, a string member connected
to the end portion of the in-vivo information acquiring appa-
ratus main-body to locate the swallowed in-vivo information
acquiring apparatus main-body inside the body cavity at a
gastric cardia of the subject, the string member including a
string member main body having an adequate length for
extracting thereof from the stomach of the subject to an out-
side via the oral cavity and an extracorporeal gripper at an
extended end portion of the string member main body on an
extracorporeal side from the oral cavity, and a fixing portion
provided on a portion of the string member main body and
configured to be fixed to an 1nside of the esophageal region
other than at a lower esophageal sphincter and an upper
esophageal sphincter by an endoscopic fixture when the
string member main body 1s cut at a position on the string
member between the fixing portion and the extracorporeal
gripper, the string member having located the in-vivo infor-
mation acquiring apparatus main-body at the gastric cardia,
and the fixing portion being formed in a pinhole shape for
latching the endoscopic fixture and having a marked portion
located inside the esophageal region for enabling visual dis-
tinguishing of the fixing portion from the string member main
body, wherein the fixing portion 1s located at a position where
a length from the connected in-vivo information acquiring
apparatus main-body corresponds to a length from the gastric
cardia to the 1nside of the esophageal region of the subject;
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a receiving device configured to receive the 1n-vivo infor-
mation wirelessly output and transmitted from the 1n-
vivo information acquiring apparatus main-body; and

a display device configured to display the in-vivo informa-
tion recerved by the recerving device.

12. The mn-vivo information acquiring system according to

claim 11, further comprising:

a retaining member that engages and retains the m-vivo
information acquiring apparatus main-body, wherein

the string member 1s connected to the 1n-vivo mnformation
acquiring apparatus main-body via the retaining mem-
ber.

13. The in-vivo information acquiring system according to
claim 11, wherein the fixing portion 1s provided at a plurality
ol portions of the string member.

14. The 1n-vivo information acquiring system according to
claim 11, wherein the 1mn-vivo information acquiring appara-
tus main-body 1ncludes a reel portion that reels out and reels
off the string member.
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